Total immunoglobulin G (IgG) and IgG subclass reactivities with purified mumps glycoproteins (GP) and nucleoprotein (NP), measured in enzyme-linked immunosorbent assays (ELISAs), were compared with titers in a mumps microneqtralization assay (NT). For determination of mumps immunity, the sensitivity of both ELISAs was 100% in comparison with the NT and the specificity was 90%. IgGl was the dominant subclass against the two antigens found in seropositive healthy individuals. In samples from patients with clinical mumps infections and positive mumps IgM, titer rises of total IgG against NP were invariably seen before GP titer rises. Significant but often late titers rises in NT were found in all patients. Changes of IgG1 levels against both antigens followed the changes of total specific IgG. High levels of IgG3 against NP were diagnostic for mumps infection. In parainfluenza infections, titer rises in the mumps ELISAs and NT were found, but mumps IgM, NP IgG3, and the high ratio between the NP and GP titers found in early samples from patients with mumps infection were not observed.
Total immunoglobulin G (IgG) and IgG subclass reactivities with purified mumps glycoproteins (GP) and nucleoprotein (NP), measured in enzyme-linked immunosorbent assays (ELISAs), were compared with titers in a mumps microneqtralization assay (NT). For determination of mumps immunity, the sensitivity of both ELISAs was 100% in comparison with the NT and the specificity was 90%. IgGl was the dominant subclass against the two antigens found in seropositive healthy individuals. In samples from patients with clinical mumps infections and positive mumps IgM, titer rises of total IgG against NP were invariably seen before GP titer rises. Significant but often late titers rises in NT were found in all patients. Changes of IgG1 levels against both antigens followed the changes of total specific IgG. High levels of IgG3 against NP were diagnostic for mumps infection. In parainfluenza infections, titer rises in the mumps ELISAs and NT were found, but mumps IgM, NP IgG3, and the high ratio between the NP and GP titers found in early samples from patients with mumps infection were not observed.
Mumps infection normally causes an acute, self-limiting disease, but because of occasional complicating meningitis and orchitis, vaccination against mumps has been introduced in many countries. Monitoring of vaccination demands accurate methods for measurement of immunity and for diagnosis of current mumps infection. For determination of mumps immunity, different types of neutralization tests (NTs; 5), hemagglutination inhibition tests (1) , hemolysis in gel tests (HIG; 5) , enzyme-linked immunosorbent assay (ELISA; 19) , and measurement of cell-mediated immune response (2) have been used. The serodiagnosis of current mumps infection has often been made with complement fixation, by demonstration of either titer rises between paired samples or differences in antibody levels to virusbound and soluble antigens in single samples (7) . ELISAs for measurement of immunoglobulin G (IgG) and IgM antibodies to mumps virus have also been used (6, 15, 20, 23) . Crossreactivity with other paramyxoviruses is, however, a wellknown problem in mumps serology (9, 11) . Recent studies with monoclonal antibodies have confirmed that members of the paramyxovirus group have epitopes in common (18) . The virus preparations used as antigens also often contain substances such as actin (24) , to which autoimmune reactivity may be found.
The specificity of the currently used assays for detection of mumps antibodies thus appears to be a greater problem than sensitivity. In the present study, the serodiagnosis of mumps infection and immunity was, therefore, evaluated in IgG ELISAs with highly purified nucleoprotein (NP) and glycoprotein (GP) antigens. For diagnosis of current mumps infection, an IgM(,u) capture ELISA with labeled mumps virus was used. Examination of virus-specific IgG subclasses has previously proven to be of value in viral serology (12, 13, 22) . IgG subclass reactivity with the two purified antigens MATERIALS AND METHODS Sera. Of 220 serum samples examined (Table 1) 160 in one test. The guinea pig and human negative sera were negative, i.e., <2, in all assays.
HIG. The HIG test was performed as described previously (5) . Cock erythrocytes and a hemagglutinin antigen from Orion (Helsinki, Finland) were used. Negative and positive control sera were included on each plate. The zone of the negative control varied between 7 and 8 mm (diameter). Only zones of larger diameters than that of the negative control were regarded as positive. The zone of the positive control varied from 12 to 14 mm in five tests.
Preparation of antigens for the ELISAs. The NBL strain of mumps virus (16) was propagated in the allantoic sacs of 7 to 9 day-old chicken embryos. The purification steps for preparation of mumps GPs and NPs were described in detail previously (16) . The purified GP preparation had a protein content of 0.62 mg/ml. The protein content of the NP preparation was 0.75 mg/ml. The purity of the two antigens was demonstrated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (16) . ELISA examination with monoclonal antibodies directed against the NP and the hemagglutinating neuraminidase proteins of mumps virus revealed reactivity only with the homologous antigen ( Fig.  1 ). The ovalbumin content was measured by ELISA (4). Ovalbumin made up 2% of the total protein content of the GP antigen and 2%o of the NP antigen. 
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Preparation of uninfected CAM antigen. Uninfected chorioallantoic membranes (CAMs) were rinsed, freezethawed three times, homogenized in physiological NaCI, and centrifuged at 700 x g. The supernatant was used as a control antigen.
IgM(,u) capture ELISA. Purified mumps virions from allantoic fluid, labeled with peroxidase by the periodate method (25) , were used as the antigen in an IgM(,u) capture ELISA (6) . One mumps IgM-positive sample and one negative sample were controls on each plate. The optical density (OD) value for the negative control was always below 0.1. A serum giving an OD twice that of the negative control was regarded as giving a borderline reaction, and an OD three or more times that of the negative control was clearly positive. OD values for the positive control varied between 0.3 and 0.5. In 40 samples examined twice, no discrepant results as to positive, negative, or borderline reactions were found.
NP and GP ELISAs for total virus-specific IgG. The antigen concentrations for coating were determined by chessboard titration with mumps antibody-positive and -negative serum samples. The lowest antigen concentration at the plateau before OD values started to decrease with further dilutions of the antigens was chosen. The concentrations were 0.6 ,ug of protein per well for the NP antigen and 0.2 ,ug of protein per well for the GP antigen. For determination of serum reactivity with egg proteins, ELISA plates were coated with 1 ,ug of CAM antigen per well. At a serum dilution of 10-2, more than 40% of the sera examined gave OD values of >0.2 in this assay. Addition of 1% (vol/vol) CAM antigen to the serum dilution buffer abolished this reactivity. The serum samples to be examined were thus titrated 10-fold from 10-2 to 10-5 in ELISA buffer containing 1% control antigen. Five prediluted serum standards were included on each plate. One mumps antibody-positive control sample with an endpoint titer of 10-4 in both NP and GP ELISAs was diluted for each assay, as well as an NT negative control sample. The IgG titer was the inverted value of the serum dilution passing the OD of 0.2. The reproducibility of the ELISAs was studied in 12 sets of assays. Interassay variation of the endpoint titer of the positive control serum was 15%.
ELISAs for IgG subclasses to mumps NP and GP antigens. Plates and coating and dilution buffers for ELISAs for IgG subclasses to mumps NP and GP antigens were as in ELISAs for total IgG. Serum samples were examined in two dilutions for each subclass. In the IgGl assay, either 10-2 and iO-' or 1i-0 and 1i-0 dilutions were examined, depending on the titers in the ELISAs for total IgG. For the other subclasses, serum dilutions of 10-2 and 1i-0 were used. Two dilutions of immunoglobulin (gamma globulin; Kabi Vitrum, Stockholm, Sweden) for each subclass were controls on each plate. Monoclonal antibodies to human IgGl to IgG4 (8, 14) were used to detect IgG subclasses (anti-IgGl clone NL16, anti-IgG2 clone HP6002, anti-IgG3 clone ZG4, and anti-IgG4 clone RJ4). The anti-IgG2 clone was a kind gift from C. B. Reimer, Centers for Disease Control, Atlanta, Ga., and the other clones were from Seward Laboratories, London, United Kingdom. ELISAs for IgG subclass analyses have been previously described (12, 13, 22) . OD values for a serum dilution of 10-2 or 10-3 are presented from the subclass assays. Interassay variation of OD of the positive control was between 8 and 15% in eight sets of assays. Most samples were examined twice. Positive and negative reactions in the subclass assays were always reproducible. RESULTS NT and ELISAs for total IgG to mumps virus NP and GP.
Thirty mumps virus NT-negative samples and 40 NTpositive samples from healthy individuals were examined. Of the 30 NT-negative samples, 60% had titers of <100, 20% had titers between 100 and 500, and 10% had titers between 500 and 1,000 in the mumps GP ELISA (Fig. 2) . The titers were similar in the NP ELISA, but only 45% had titers of <100, and one of the sera with a GP titer of 600 had a titer of >1,000 in the NP ELISA. Of the 40 NT-positive samples, 65 and 55% had ELISA titers of >1,000 in the GP and NP ELISAs, respectively (Fig. 2) . The remaining NT-positive sera gave titers between 500 and 1,000.
In patients with suspected mumps infection, the kinetics of the NP and GP antibody responses differed (Fig. 2) . NP antibodies were invariably found before GP antibodies. All samples drawn on day 4 or later after disease had titers of >1,000 in the NP ELISA, whereas such titers were generally found after day 13 in the GP ELISA. As a consequence, significant titer rises were measured more frequently in the GP ELISA than in the NP ELISA (Table 2) .
In 17 of the 18 serum pairs from patients with other diseases except mumps and parainfluenza, titer changes in the assays for total IgG were less than twofold (Table 2) . In most samples, there was a decrease in mumps titer between acute-and convalescent-phase samples (data not shown). In one serum pair from a patient with mycoplasma infection, titers in the NP and GP ELISAs increased twofold. This was also seen in four of six serum pairs from patients with parainfluenza type 2 or 3 infection (Table 2 ). Titer increases of fourfold or greater were seen in both ELISAs for one of three serum pairs tested from patients with parainfluenza type 2 infection. In this patient, NT titers rose from 8 to 64.
All titer rises measured in other than mumps infections occurred simultaneously with those of the NP and GP antigens.
The NT titer changes of 31 paired samples are shown in NP and GP ELISAs for IgG subclasses. IgGl was the dominant IgG subclass to both NP and GP antigens in sera from healthy donors. Ninety percent of the NT-negative samples gave an OD of <0.5 in the IgGl assay. NT-negative sera with total IgG titers of >500 also gave ODs of >0.5 in the IgGl subclass assay for NP and GP. No mumps-specific IgG2 was found. None of the samples from healthy donors contained measurable IgG3 to the mumps GPs. Trace amounts of NP IgG3 were found in 20% of NT-positive samples (Fig. 3) . No mumps-specific IgG4 was found in the NP ELISA.
IgG4 to the GP antigen was found in 5% of the NT-positive samples, but when sera were examined without addition of CAM to the serum dilution buffer, about 40% of the samples, NT negative as well as NT positive, gave an OD of >0.5 in the GP ELISA for IgG4.
The development of the IgGl response to the two mumps antigens in current mumps infection was paralleled by that of total IgG. Specific IgG2 was not found. NP IgG3 was higher than in any of the healthy individuals (OD, >0.5) in all but two samples from mumps-infected patients drawn after day 6 of infection ( Fig. 3) . High levels of IgG3 to the GP antigen were found in 10% of the same convalescent-phase samples. The frequency of specific IgG4 to the two antigens was similar to that found in healthy seropositive donors.
When NP and GP IgG titer rises were found in other than mumps infections, these were confined to IgGl. Detectable mumps IgM or IgG3 antibodies to the NPs were found only in suspected mumps infections.
Comparison of assays for mumps immunity. With a titer of 500 as a limit for mumps immunity, both the NP and GP ELISA had 100% sensitivity with NT-positive samples. The specificity in both assays with this limit was 90% in the NT-negative samples; i.e., 27 of 30 samples gave titers below 500 (Fig. 2) .
In the HIG test, 61 sera gave results concordant with the NT, and 9 gave divergent results. Four NT-positive samples were negative in the HIG test, and five NT-negative samples were HIG positive. Three of the five samples that were negative in the NT but positive in the HIG test gave titers between 500 and 1,000 in the GP ELISA. With a limit of more than 8 mm for positive results in the HIG assay, the sensitivity with NT-positive samples was thus 90% (36 of 40) and the specificity with NT-negative samples was 83% (25 of 30).
Diagnostic criteria in mumps infection. Serological markers of current infection found in single samples were a positive or borderline IgM reaction in the ,u capture ELISA, a combination of a negative NT and NP ELISA titers of >1,000, NP ELISA titers four times higher than the GP ELISA titers, and OD values of >0.5 in the NP IgG3 ELISA. These criteria were not found in infections other than mumps. The sensitivities of the four criteria at different times after infection are shown in Table 3 .
In paired samples, significant titer rises in the two IgG ELISAs and in the NT were three further diagnostic criteria ( Table 2) . When fourfold or greater rises in paired samples were considered diagnostic, the sensitivities of the GP and NP ELISAs and the NT in comparison with the ,u capture assay were 91, 86, and 74%, respectively.
When the seven diagnostic criteria described (Tables 2 and  3) The GP ELISA correlated best with the NT. Protection against viral disease by antibodies to GPs has also been shown (26) . High sensitivity (100%) and high specificity (90%) was obtained with the chosen titer limit of 500. Although these values seem satisfactory, the 90% specificity means that the immune status in 24% (17 of (7) . The mumps NP-GP titer difference was not found in patients with parainfluenza infections. The NT could also be used to diagnose mumps infections but, since neutralizing antibodies appear late in the course of the disease, the NT has little practical value in the diagnosis of current infections.
As with other viral antigens (12) , IgGl was found to be the dominant IgG subclass to the mumps antigens, both in healthy seropositive individuals and in patients with mumps infections. The reactivity was similar to that found for total IgG, and thus the IgGl assay had no additional value compared with the assays for total mumps IgG. The 25, 1987 on July 8, 2017 by guest http://jcm.asm.org/ Downloaded from mumps in immunoglobulin class or subclass reactivity to the two mumps antigens. Though some atypical antibody patterns were noted in such patients, no statistically significant differences between the groups could be found.
In conclusion, the best method(s) for determination of immunity to mumps seems to be a combination of screening by ELISA followed by an NT for sera with uncertain results. For diagnosis of current infection, the requirements of high sensitivity and specificity and rapid diagnosis were best fulfilled by the IgM ,. capture ELISA. The NP IgG3 assay could also be used for diagnosis of mumps infection in single samples, but IgG3 antibodies often appeared a few days after IgM antibodies.
